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ABSTRACT 
With the development of information and communications technology (ICT), it becomes possible to 
analyze the built environment of mega-cites based on multiple data sources. Modern mega-cities 
are composed of areas with different functions or elements: some areas are similar to others, while 
others are distinctive. And this differentiation can be observed from multiple scales. On the macro 
scale, the city can be roughly divided into ecological, living, and production spaces; on the micro 
scale, neighborhoods can be seen as mosaics of various economic and cultural attributes. This 
differentiation between areas constitutes different sensation of the city. In this study, we choose 
Beijing and Shanghai, mega-cities in China, as cases. First, we delineate the differentiation 
between urban sub-areas from the macro and micro scales based on multiple data sources, such as 
road, building, POI data, etc. Then, the results of delineation from various data sources are 
compared, synthesized and classified. Finally, we compare the differentiation in these two cities on 
multiple scales, as well as some specific areas in each city in terms of agglomeration, hybridity, 
and accessibility, in order to deepen our comprehension of the structure of the two mega-cities. 
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INTRODUCTION  
With the development of ICT technology, people can use multiple sources of big data to perceive 
the city from the human scale to the urban scale. Based on road network data and POI data, a 
series of new analytical methods can be used to revisit the organization of urban structures. In the 
twentieth century, relevant research scholars proposed various urban structures. Howard’s Garden 
City depicted the ideal modern urban structure. Affected by it, Clarence Perry proposed a physical 
unit within the city called neighborhoods in 1929. Stein connected neighborhood units to form 
different levels of districts in planning practice and explored their transportation connections. Later, 
Abercrombie implemented neighborhood ideas in the Greater London Plan. Alexander (1964) 
discussed the difference between a semilattice city and a tree-like city from the perspective of 
aggregation and then proposed a thickened boundary to divide different regions. In the following, 
we will use those concepts to further discuss the urban structure. 
From the perspective of administrative management, the urban area was divided into cities, 
districts, streets, and neighborhood committees. From the urban form view, a city could be divided 
into urban areas, street blocks, and land plots. In the spatial perception viewpoint, there existed 
different subculture mosaic areas and their sub-areas. Different division methods will form different 
basic units, and the urban unit is adhesive, and it had the force to form a whole. The different units 
interacted and glued together to form a larger system. This system is divided into a semilattice type 
or a three type. 
The road network determines the framework of the buildings and also records the history of urban 
expansion. While the POI (Point of Interest) marks the actual function and the active area of the 
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city. To explore the relationship between the two and the structure of the urban area, we chose two 
mega-cities, which development stage is similar but the city structure different, from the perspectives 
of road and POI. In this paper, the analysis scope is within the Fifth Ring road of Beijing about 
668km2 and within the Outer Ring Road of shanghai about 664km2. There are108,205 POIs for 
restaurant services, residential services, and shopping services in Beijing, while Shanghai has a 
total number of 206,611 in 2018. 
METHODOLOGY  
POI Gathering Area: POI is a kind of point data, which can be analyzed via various methods of 
Point Pattern Analysis, including density-based methods and distance-based methods 
(Schabenberger & Gotway, 2017). Several methods have been utilized to delineate urban sub-
regions, such as kernel density estimation (Battino, et.al. 2012) and K-function (Helbich & Leitner, 
2010). In this study, we employed DBSCAN (Density-Based Spatial Clustering of Applications with 
Noise) to delineate urban sub-regions based on different local point density. DBSCAN is a basic 
density-based clustering algorithm, which could find clusters of different shapes and sizes as areas 
of high density separated by areas of low density; and the two parameters, min_samples and eps, 
define the threshold of what points are called dense (Ester, et.al. 1996). According to the average 
point density of each kind of POI, we specify two levels of density threshold: a high-density level 
with a 300m neighboring distance indicating the functional center and a low-density level with an 
800m neighboring distance implying the relatively developed regions of corresponding urban 
function. After that, each generated cluster of POI is delineated as an area by computing convex-
hull.  
Road patchwork: Space syntax is an important theory and method analyzing urban road networks. 
In space syntax, there exist several techniques to detect urban areas from a continuous network, 
such as integration gradient map and point intelligibility/synergy mapping. In this study, we chose 
to identify urban parts by measuring metric mean depth (MMD). Taking a certain road segment as 
a root, MMD calculates the average metric distance from this root to all other segments, up to a 





where 𝑀𝑀𝐷"!denotes metric mean depth at 𝑅!, 𝑇𝑀𝐷"!means total metric depth at 𝑅!, calculating 
the sum of metric distance from the root to all other segments up to 𝑅!, and 𝑁𝐶"!indicating node 
count at 𝑅!. 
Researches suggested that MMD can be used to reveal discontinuities in the configuration of space 
at a given radius, and the resulted patchwork of roads could delineate natural areas with fuzzy 
boundary (Yang, 2019). Since the radius is generally larger than the resulted patchwork, we took 
1500m, about twice the average size of a road block as the calculating radius.  
DISTRIBUTION CHARACTERISTICS OF POI GATHERING AREAS IN BEIJING AND SHANGHAI  
Modern Beijing develops from the old city which found by Ming and Qing Dynasties. After 1949, 
the city gradually broke through the wall and expanded outward along the main roads to east, 
west, and north direction. The city began to sprawl during the reform and opening-up period, in 
which the Chinese government changed the policy to develop economic. The boundary of built-up 
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area gradually expanded to the Fifth ring road. Meanwhile, the size of street block gradually 
increased from inside to outside. In the old city of Beijing, the inner street blocks are organized by 
traditional Chinese form called Kaifong and Hutong. After the founding of PRC, the newly street 
block is assembled by the Danwei unit which is a kind of neighborhood where work and life are 
integrated. But in the next stage, people build large street blocks formed by residential quarters, 
commercial districts, and industrial parks, usually with a single function. Although such a 
development process is the era theme, people’s spontaneous activities will gradually integrate the 
relatively separated urban areas. 
  
Figure1 Beijing’s POI Gathering Area of High Density and Low Density(Left) 
Comparison of High-density POI Gathering Area and Street Block(Right) 
By analyzing the distribution of POI aggregation areas of restaurant services, commercial services, 
and residence services, we call the areas where different types of POI aggregation areas are 
superimposed is called the multiplex area. Then a threshold is set to perform a high-density level 
and a low-density level. For all kinds of high-density POI aggregation areas, they are all 
concentrated in the center of the city, with a large range and overlapping with each other. Among 
them, the most obvious areas are located in the east-north of the old city and the west of the 
Second Rind Road (the old city wall line), forming a core or belt distribution. Small and 
independent areas are formed around the core, and different types of POI aggregation areas are 
only stacked once or distributed separately, and few multiplex areas are formed. However, on the 
outer edge of the city, it is difficult to form high-density POI aggregation areas. When we pay 
attention to the low-density POI aggregation areas, it could roughly depict the urban built-up area. 
At the edge of the city, the low-density area and multiplex area are formed, and it could indicate 
satellite cities or larger residential groups. Then comparing the high-density areas with the street 
blocks, we discover that the old city and its periphery have small or medium size blocks to form a 
large semi-lattice area, and in the edge of the city, the blocks’ size is large, forming small tree-like 
aggregation areas. Form the whole level, it is a typical “cities in the city” feature. (Figure 1) 
Modern Shanghai has gradually developed in the process of competition between traditional 
towns and concessions, and it is a typical commercial city. Before the Republic of China, the urban 
built-up area was quite large. It is composed of the old city of Shanghai, Shiliupu, public 
concessions, and French concessions, expanding westward along the Huangpu River. During the 
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period of the Republic of China, the government planned to develop the new urban area in the 
north. After the founding of PRC, Wujiaochang, Pengpu, and Xujiahui are the main development 
areas. When the reform and opening-up policy promote urban development, the city was also 
spreading all around. Owing to the urban framework was formed earlier, the division of urban 
land is dominated by small and medium street blocks. The newly formed largest street blocks are 
mainly located in the northwest and southeast directions. 
  
Figure 2 Shanghai’s POI Gathering Area of High Density and Low Density(Left) 
Comparison of High-density POI Gathering Area and Street Block(Right) 
For Shanghai, the high-density POI aggregation areas are in the center of the city, and it’s 
connected into a group to form the super-core and many secondary multiplex regions are also 
formed in the core. There are many small aggregation areas and multiplex areas scattered around 
the core. The low-density POI aggregation areas are basically superimposed to form multiplex 
areas, which is mainly divided into three large groups, the north side of Puxi, the southwest side of 
Puxi and Pudong, while the rest of the area is scattered in the surrounding secondary centers. From 
the perspective of street blocks, medium and small street blocks have a positive correlation with the 
accumulation of POI. There exist a large difference in POI aggregation between the east and the 
west of the Huangpu River. In the west of the river, the area usually clusters high-density POI 
multiplex areas, while the area of east of the river clusters low-density POI multiplex areas. It seems 
that Shanghai has formed a huge semi lattice high-density multiplex zone core. (Figure 2) 
DIFFERENCES BETWEEN BEIJING AND SHANGHAI  
In the analysis of space syntax, metric mean depth (MMD) is a local indicator used to describe 
those areas in the city that have similar characteristics and are different from the surrounding areas. 
Analysis through Beijing and Shanghai, we found that Beijing has a larger number of low MMD 
areas and their distribution is relatively independent. In contrast, Shanghai’s areas with low MMD 
are smaller in number and larger in area, and those are connected to each other. Generally 
speaking, the natural areas are staggered and evenly distributed, but the layout patterns of the two 
are different. The natural area of Beijing is highly fragmented, and the street block will be more 
hybrid at a neighborhood level. However, the low MMD areas of Shanghai are more regular, and 
the city is more similar to a patchwork of many regions. 
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Figure 3 Comparison of Beijing and Shanghai's road network and POI clusters 
From the perspective of POI, Shanghai has formed a high-density POI multiplex region, covering 
almost the entire old city, while Beijing is not so concentrated, only three slightly larger multiplex 
regions are distributed in the northeast, south, and west of the old city. Combining the distribution 
of high-density and low-density POI multiplex regions, it can be imagined that the overall density 
distribution of Beijing's POI is similar to a hilly distribution with a lower peak and a more uniform 
low POI density environment. But the density of POI in Shanghai’s old city will form a main 
mountain, and the density will decrease down the mountain to form three regions. The peak density 
of POI in shanghai is higher than Beijing, and the average density in the urban area is also higher. 
(Figure 3) 
Comparing the road patchworks with the high-density POI multiplex regions, it is found that the 
high-density POI multiplex regions in Beijing and Shanghai have a high correlation with low MMD, 
and it is more obvious around the core of the old city. For the low-density POI area, the peripheral 
areas of Beijing and Shanghai can better match the low MMD area. The above result shows that 
such natural areas have special properties that prompt POI to aggregation. 
From the perspective of spatial perception to analyze the road networks, the low MMD area is 
shallow in spatial depth, which means that people can easily access the range of the local area. 
The distribution of natural areas in Shanghai should be more concentrated, people can more easily 
6 ISUF 2020 Cities in the Twenty-first Century 
get a continuous experience when they walk, and it is easy to form regional characteristics. In 
contrast, the natural areas of Beijing should be scattered, and people can more easily experience 
sudden changes. As this sudden change feels beyond regional characteristics, the experience form 
regions to regions become similar. 
  
Figure 4 Semilattice-tree distribution in Beijing and Shanghai 
By measuring the different categories of POI superimposition relationship and the number of POI 
aggregation area which located in the same multiplex region, we can construct the ratio of the 
relationship number and the POI area number to determine whether this region is more semi lattice 
or tree-like. If this ratio is greater than 1, it is more inclined to a semilattice structure. The larger the 
ratio is, the more interconnected its internal functions are. Conversely, if the ratio is less than 1, this 
area is more similar to a tree-like structure, regardless of whether the area is superimposed with 
two or three different categories of POI. The POI gathering area in Beijing is more fragmented than 
Shanghai, forming more isolated groups, while Shanghai has formed a supercenter with small 
areas surrounding. From the inside of the city, the two of the old city is similar to a semi-lattice city, 
and the outer region is a tree-like city. On the whole city view, Shanghai is closer to a semi-lattice 
city, while Beijing tends to a tree-like city. (Figure 4) 
CONCLUSIONS 
By comparing the road network, street blocks, and POI between Beijing and Shanghai, the 
following conclusions can be drawn: 1. the urban space in Beijing is more fragmented, and the 
urban space in Shanghai is more collaged. 2. Although semi-lattices and tree-like structures coexist 
in cities, Beijing prefers tree-like cities and Shanghai tends to semi-lattice cities. 3. The POI 
aggregation areas have a deep connection with the natural areas calculating by MMD, and it 
needs further research. 4. The distribution of the POI multiplex area is related to the street block 
size, and a large range of small street blocks is conducive to form the POI agglomeration. 
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